ABSTRACT. Mycoplasma sp. strain EDS-4 was isolated from the oral cavity of EDS line of a house musk shrew (Suncus murinus) originated from Bangladesh, and was distinguished from all previously described mollicutes. It lacks a cell wall; ferments glucose; does not produce film and spots; and does not hydrolyse arginine and urea. The strain could be distinguished from all previously described mollicutes by 16S rRNA gene sequence comparisons. The results suggest that the isolate is new species of mollicutes originated from the shrew. The strain EDS-4 has been deposited with Japan collection of Microorganisms, Bioresource Center, RIKEN in Japan (JCM15930). The 16S rRNA gene sequence of strain EDS-4 is available through the DDBJ under accession number (AB469852). Gourlay in 1976 [4], and in 1993 we isolated Mycoplasma species (strain G666-16R) from the house musk shrew (SUN line) which is hybrid line of three origins, Okinawa, Nagasaki and Jakarta [3] . Recently we isolated Mycoplasma species from EDS line of house muck shrew which is originated from Bangladesh [12] . The EDS line, which was characterized by a high incidence of spontaneous early-onset spontaneous non-insulin dependent diabetes mellitus, was established by Dr. Ohno et al. [12]. The animals have been maintained in conventional facilities. The house musk shrew harbored by the Mycoplasma species in their trachea showed histopathological lesion, lymphoid follicles, in their lung. In this study, we describe the isolation of novel Mycoplasma species isolated from a house musk shrew (EDS line); its characterization as a mycoplasma based on biochemical properties, ultrastructural features, and 16S ribosomal RNA sequencing.
Mollicute infection in laboratory animals is most frequently occurring problems associated with pneumonia. In laboratory rodents, M. pulmonis is the commonest pathogenic mollicute species [14] , and many other species such as M. arthritidis [2] , M. collis [5] , M. muris [11] and M. neurolyticum [8] are isolated from mice and/or rats. Any other mycoplasmas, M. caviae from guinea pig [7] , M. cricetuli from Chinese hamster [6] , M. felis from cat [15] and M. hyopneumoniae were isolated from pig [10] as well. From the shrew, M. alvi from common shrew (Sorex araneus) was reported by Gourlay in 1976 [4] , and in 1993 we isolated Mycoplasma species (strain G666-16R) from the house musk shrew (SUN line) which is hybrid line of three origins, Okinawa, Nagasaki and Jakarta [3] . Recently we isolated Mycoplasma species from EDS line of house muck shrew which is originated from Bangladesh [12] . The EDS line, which was characterized by a high incidence of spontaneous early-onset spontaneous non-insulin dependent diabetes mellitus, was established by Dr. Ohno et al. [12] . The animals have been maintained in conventional facilities. The house musk shrew harbored by the Mycoplasma species in their trachea showed histopathological lesion, lymphoid follicles, in their lung. In this study, we describe the isolation of novel Mycoplasma species isolated from a house musk shrew (EDS line); its characterization as a mycoplasma based on biochemical properties, ultrastructural features, and 16S ribosomal RNA sequencing.
Strain EDS-4 was isolated from a swab of the oral cavity. Broth medium contained 70 ml of PPLO broth (Becton, Dickinson and Company, NJ) supplemented with 10 ml of 25% (wt/vol) yeast extract, 20 ml of heat-inactivated horse serum (Invitrogen, Carlsbad, CA), 1 ml of 100,000 units of penicillin G, 1 ml of 2.5% thallium acetate, 0.5 g of glucose or 0.5 g arginine and 0.002% phenol red and pH was adjusted at 7.8 [1] . The agar medium consisted of the same ingredients except that 1.3% Bacto-agar (Becton, Dickinson and Company, Sparks, MD) was added, and the glucose and the phenol red were omitted. Specimens were collected with sterile cotton swabs from oral cavity of the animals, inoculated to the broth and agar media and incubated at 37C in a humid chamber. The broth media were checked for the organisms in the mid-to late-log phase (pH 7.0 to 7.1).
EDS-4 was initially classified as a bacterium based on biochemical and physical properties as described previously. For ultrastructural studies, cells grown on PPLO agar were gently suspended in PBS. Samples were fixed in 2% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4) at 4C and postfixed in 1% osmium tetraoxide for 2 hr. After stepwise dehydration with the ethnol (70 to100%), the samples were embedded in spur resin, and ultra thin sectioning were performed (800 to 1,000Å) by using an ultramicrotome. At last, the cells were negatively stained with 2% uranyl acetate for 5 to 10s and examined with a JEOL JEM 100S transmission electron microscope operating at 80kV. DNA for phylogenetic analyses was extracted from a mid-logphase culture of the second passage of a clonal isolate using MagExtractor ® (Toyobo. Co. Ltd., Tokyo, Japan). The 16S rRNA gene was amplified using primers F: 5' AAT GGG TGA GTA ACA CGT A 3', and R:5' TGT ACA AAA CCC GAG AAC GT 3', cloned into the pCR 2.1 TOPO vector (Invitrogen, Carlsbac, CA). Sequences of the recombinant plasmids were determined by the Taq dideoxy-chain termination method with a commercially available kit (Taq Dye Deoxy Terminatory Cycle Sequencing Kit; Applied BioSystems, Inc., Foster City, CA). The sequences were assembled with the sequence analysis software, GENETYX (Tokyo, Japan), from GenBank database, and compared with a DNA * CORRESPONDENCE TO: GOTO, K., Department of Clinical Laboratory Medicine, Teikyo University, 2-11-1 Kaga Itabashi, Tokyo 173-8605, Japan. e-mail: gotok@med.teikyo-u.ac.jp database using the DDBJ (DNA Data Bank of Japan; http:// www.ddby.nig.ac.jp/index-e.html) "BLAST" homology search system. Serological identification was assayed by a standard disk growth inhibition technique using antiserum against mycoplasma (strain G666-16R) previously isolated from different origin (SUN line) of Suncus murinus [3] . For serological tests, hyperimmune rabbit antisera to the strain G666-16R were prepared. The requirement of sterol for growth was determined by the digitonin disk inhibition procedure of Poveda [13] . The G+C content of the organism's genomic DNA was determined by the HPLC method described by Katayama et al. [9] . Briefly, the genomic DNA was digested to nucleotides by nuclease P1, using a standard mixture for analysis of GC content of DNA with nuclease P1 (DNA-GC kit, YAMASA CORPORATION, Chiba, Japan). The G+C content of the DNA was determined by HPLC (LC-10, Shimadzu, Kyoto, Japan) with a Develosil RPAQUEOUS column (4.6  250 mm; Nomura Chemical, Aichi, Japan) and a UV-VIS spectrophotometric detector (SPD-10AV, Shimadzu) at 270 nm.
Colonies with fried-egg appearance were apparent on PPLO agar after 2 days of incubation, and measured about 110 to 200 m in diameter. EDS-4 strain showed no evidence of reversion to a bacterial form when they were serially subcultured in antimicrobial agent-free agar media, passed through membrane filters of a pore size of 450 nm but failed to pass through filters of a pore size of 220 nm, fermented glucose, did not hydrolyze arginine and urea, and did not show hemadsorption ability for guinea pig, sheep and house musk shrew erythrocytes (data not shown). Strain EDS-4 did react with antiserum against previously isolated mycoplasma (strain G666-16R) from the SUN line of Suncus murinus and was therefore determined to be serologically equal. Transmission electron photomicrographs revealed that the cytoplasmic typical of members of the Mycoplasmatales, and no cell walled forms were evident (Fig. 1) . Growth was inhibited in the presence of 1.5% digitonin, and zone of inhibition ranged from 6-8 mm, indicating a biochemical requirement for sterols characteristic of member of the Mycoplasma and not Acholeplasmatales. The G+C content of strain EDS-4 was 26.9%.
The 16S rRNA sequence of strain EDS-4 was unique, BLAST search and phylogenetic analysis showed having the greatest nucleotide sequence identity with M. lagogentitalium (96.0%) and M. molare (94.0%). Comparing with M. alvi which is reported as shrew originated strain of mycoplasma [4] , EDS-4 belonged different cluster (Fig. 2) . EDS-4 form new cluster including M. lagogenitalium, M. molare and M. neulolyticum. Based on standards for the description of new species mycoplasmas, this organism qualifies as a unique, previously unidentified and undescribed myco- other mycoplasmas, and acholeplasma, with Lactobacillus sp. as a designated outgroup. Numbers at nodes indicates confidence values after 1,000 bootstrap replicates for parsimony and distance, whereas nodes lacking numbers had values below 50% or were not represented in bootstrap consensus trees. plasma species. It was suggested that the mycoplasma isolated from the shrew was novel specis. Nucleotide sequence accession number. The 16S rRNA gene sequence of strain EDS-4 is available through the GenBank database under accession number (AB469852).
